We have performed the Fourier decomposition analysis of 11-yr V-band light curves of a carefully selected sample of 100 RR Lyrae variables, detected in the central regions of the Small Magellanic Cloud (SMC), with the Optical Gravitational Lensing Experiment, phases II and III. The sample consisted of 84 fundamental mode pulsators (RRab stars) and 16 firstovertone pulsators (RRc stars). The Fourier decomposition parameters were used to derive metal abundances and distance moduli for these RR Lyrae variables. The average metal abundance of the RRab stars on the new scale of Carretta et al. is found to be [Fe/H] C09 = −1.62 ± 0.41 dex (std, with a standard error of 0.05 dex). The distance modulus of the SMC was found to be μ = 18.90 ± 0.18 (std) from the RRab population in a distance scale where the distance modulus of the Large Magellanic Cloud (LMC) is μ LMC = 18.52 ± 0.06 (std). The 1σ line-of-sight depth for the RRab stars was found to be σ int = 4.13 ± 0.27 kpc, in good agreement with that estimated from red clump stars and eclipsing binaries. There is a clear indication that the metal-poorer and metal-richer objects in the sample may belong to different dynamical structures. The metal-rich stars have smaller scaleheight and could be part of a disc-like structure, while the more metal poor objects could be part of a much thicker structure, such as an inner halo or a bulge component.
I N T RO D U C T I O N
The study of RR Lyrae variables offers a powerful tool for deciphering the chemical and dynamical properties of old stellar populations within our Galaxy and in nearby galaxies (e.g. Clementini 2010 ). The Small Magellanic Cloud (SMC) is an ideal target for such studies, due to its proximity. It has long been known to have a complex structure and large line-of-sight (LOS) depth (e.g. Hatzidimitriou & Hawkins 1989 ) affected by interactions with both the Large Magellanic Cloud (LMC) and the Galaxy (e.g. Bekki 2009 ). Recent studies of a large number of red horizontal branch (red clump) stars in the SMC (Subramanian & Subramaniam 2009a, hereinafter SS09a) have shown that it is deeper along the LOS than the LMC and that the averaged depth profile near the optical centre resembles a bulge-like structure. Morphologically, the old red stars in the SMC have a spheroidal appearance, while the velocity field of red giant branch stars does not show much rotation (Harris & Zaritsky 2006) , also pointing towards a spheroidal structure supported by its velocity dispersion. On the other hand, H I and young stars reveal ordered rotation which indicates that these tracers reside in a disc E-mail: efkap@phys.uoa.gr (van der Marel, Kallivayalil & Besla 2009 ). There are also indications of large LOS depth in the outer regions (SS09a, and references therein), probably connected (at least partly) to a tidal stream-like structure in the north-eastern outer regions (Hatzidimitriou, Cannon & Hawkins 1993) .
The presence of RR Lyrae variables in a stellar system is indicative of a stellar population older than about 10 Gyr. All Local Group galaxies, irrespective of their morphological type, contain RR Lyrae stars (Clementini 2010) . RR Lyrae variables have low masses (0.6-0.8 M ) and they are undergoing core helium burning, residing on the horizontal branch of the Hertzsprung-Russell diagram. They are radial pulsators with periods between 0.2 and 1.0 d, amplitudes (in the V band) from 0.3 to 1.7 mag and spectral types from A to F. They can pulsate in the fundamental mode (RRab types) or in the first overtone (RRc types), and perhaps in the second overtone (RRe types), while RRd types pulsate in both fundamental and first-overtone modes simultaneously. They obey well-defined luminosity-metallicity and period-luminositymetallicity relations in the V and K bands, respectively, and as a result they can be used as 'standard candles' at least as robust asfor example -cepheids (e.g. Bono et al. 2002 Bono et al. , 2003 Bono 2003) and as test particles to map the 3D distribution of the old population in a galaxy.
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Of particular importance is the fact that the light curves of RR Lyrae stars can be used to derive several physical parameters for the stars, such as their metal abundance ([Fe/H] ). This allows us to construct a homogeneous sample of test particles, with known 3D distribution and metal abundance distribution. Given that the ages of these stars are also well constrained, belonging to a bona fide old population, we have a unique opportunity to disentangle the structure and chemical evolution of the old populations in the SMC.
We have used the RR Lyrae variables detected in the central regions of the SMC with the Optical Gravitational Lensing Experiment (OGLE), phases II (OGLE-II) and III (OGLE-III). Our aim is to derive metal abundances ([Fe/H] ) and distance moduli for these RR Lyrae variables and subsequently to proceed to a chemical and structural analysis of this galaxy.
Preliminary results of this work have already been presented during the 9th Hellenic Astronomical Conference which was held in Athens on 2009 September (Kapakos, Hatzidimitriou & Soszyński 2010) .
In Section 2, we describe the data used, while in Section 3, the Fourier decomposition results are given. In Section 4, we derive the metal abundances of the stars and discuss the metal abundance distribution. We also compare our results with other studies and with the metallicity distribution of RR Lyraes in the LMC. In Section 5, the absolute magnitudes of the RR Lyrae stars are obtained. In Section 6, we proceed to a structural analysis of the SMC central regions, while in Section 7, we summarize our conclusions.
DATA D E S C R I P T I O N
This study is based on observations obtained with the 1.3-m Warsaw telescope at the Las Campanas Observatory, Chile, during the OGLE- II and OGLE-III projects, between 1997 and (Udalski, Kubiak & Szymański 1997; Udalski et al. 1998 Udalski et al. , 2008 Soszyński et al. 2002, hereinafter SOS02; Szymański 2005) . These observations contain precisely calibrated BVI photometric and astrometric data from the central dense regions of the SMC bar, covering 2.
• 4 on the sky in 11 drift scan fields of 14.2 × 57 arcmin 2 ( 0.22 deg 2 ). The OGLE-III includes observations in an extended region beyond the central bar of the SMC. However, for the purposes of this project, our analysis is focused on the area covered by both OGLE phases, that is, the central region of the galaxy.
Although the I-band light curves are better populated, we opted for V-band photometry since the dependence of [Fe/H] on the Fourier parameters has only been directly calibrated for this band. Combining data from both the OGLE-II and the OGLE-III significantly improved the statistics of the light curves and hence the accuracy of the derived Fourier parameters.
There are a total of 524 RR Lyrae variables with V light curves from both the OGLE-II and the OGLE-III. These include 19 objects that were detected in more than one field due to a small overlap between adjacent pointings. For each one of these objects, we selected the best light curve, based on the quality criteria described in Section 3. The classification of the RR Lyrae stars as fundamental pulsators (RRab), first-overtone pulsators (RRc), double-mode pulsators (RRd) or other type is described in SOS02. We have only kept RRab and RRc stars, thus limiting the sample used to 490, 440 of which are of type RRab and 50 of type RRc. Table 1 lists all 440  RRab stars and Table 2 all 50 RRc stars studied, along with properties of their light curves which will be described in the following section.
We have adopted the periods derived by the OGLE using the analysis on variance (AoV) period search technique. The RRab variables in the sample have an average period of 0.59 ± 0.07 (std), while for the RRc types, the average period is expectedly shorter, at 0.34 ± 0.04 (std). The individual periods and corresponding errors are listed in Column (2) of Tables 1 and 2 for the RRab and RRc types, respectively.
F O U R I E R D E C O M P O S I T I O N
The light curves of the 490 RR Lyrae variables of the RRab and RRc types were fitted with fourth-order Fourier series of sine functions. The mathematical formula is given in equation (1), while some examples of fitted light curves are shown in Fig. 1 :
where P is the period, t is the time of the observation, A 0 is the mean apparent magnitude of each variable star, while A j and ϕ j are the amplitudes and phases for j = 1, 2, 3, 4. All phases were reduced by 2kπ, when necessary, in order to bring them into the normal interval [0, 2π] . The adoption of a fourth-order fit was based on a compromise between the number of points on the light curves and their photometric uncertainties, as well as the desired accuracy of the fitted Fourier parameters. OGLE-II and OGLE-III light curves often presented small systematic shifts in magnitude, most likely due to zero-point errors in the photometry. To minimize the resulting scatter in the merged light curves, we applied an appropriate correction to the OGLE-III data. The correction was determined from the difference A 0 between the first terms of the corresponding Fourier decomposition series, derived for the corresponding OGLE-II and OGLE-III light curves, that is,
In some light curves, there were certain points showing large deviations from the bulk of the data. Data points diverging by more than 2σ were excluded from the fitting procedure, provided that the total number of rejected points was less than 10 per cent of the total. In Column (3) of Tables 1 and 2 (for RRab and RRc stars, respectively), we provide the number of points used for the fitting, which are 70 and 72 on average and within the range of 35-139 and 39-138 for the RRab and RRc stars, respectively. σ of the fit for each light curve is listed in Column (4) of Tables 1 and 2. Subsequently, the coefficients ϕ j1 = ϕ j − jϕ 1 with j = 2, 3, 4 and the ratios R j1 = A j /A 1 were calculated, based on the derived amplitudes and phases. The standard deviations (and errors) for the amplitudes (σ A j ) and phases (σ ϕ j ) were estimated using Monte Carlo simulations, while the standard deviations for the Fourier parameters σ R j 1 and σ ϕ j 1 were calculated from σ A j and σ ϕ j using appropriate error propagation relations.
The results of the Fourier decomposition are presented in Tables 1 and 2 . Columns (5)- (7) provide the amplitudes A j , for j = 0, 1, 3, Column (8) gives the mean V magnitude A V , and Columns (9) and (10) give the derived coefficients ϕ 31 and ϕ 41 (A 4 and ϕ 21 are given instead of A 3 and ϕ 41 for the RRc stars). The electronic version of the tables includes all A j (for j = 1-4), R j1 and ϕ j1 (for j = 2-4). The corresponding standard deviations, determined as explained in the previous paragraph, are given in parentheses following each value. At the bottom of each table, we give the average values of the various parameters with the associated standard deviations.
Histograms of the R j1 ratios and the ϕ j1 parameters are presented in Fig. 2 , while the distributions of their standard deviations are shown in Fig. 3 . As it can be seen, the distributions of the errors for the ratios R j1 are comparable. On the contrary, the errors in ϕ j1 increase with j, as expected for the higher order Fourier phases.
M E TA L A B U N DA N C E S
The metal abundances [Fe/H] of RR Lyrae variables pulsating in the fundamental mode (RRab) and first overtone (RRc) are derived from empirical relations involving the Fourier decomposition parameters calculated in the previous section. Because of the distinctly different light-curve characteristics of RRab and RRc pulsators, different expressions are used for the two types of stars. Jurcsik & Kovács (1996, hereinafter JK96) introduced an accurate and robust empirical method for the calculation of [Fe/H] from the light curves of RRab stars. They showed that the basic relation between [Fe/H] and the Fourier parameters is linear and contains the period and one of the Fourier phases, ϕ j1 . This relation has been widely used over the past 15 yr for the study of metal abundances in globular clusters and field populations in our Galaxy (e.g. Papadakis et al. 2000; Nemec 2004; Kinemuchi et al. 2006; Zorotovic et al. 2010) , in the Magellanic Clouds (Di Fabrizio et al. 2005; Deb & Singh 2010, hereinafter DS10) and in dwarf spheroidals (e.g. Kinemuchi et al. 2008) . It is worth noting that Szczygieł, Pojmański & Pilecki (2009) calculated photometric metallicities for a sample of 1455 RRab stars in the Galactic field, using two different methods -those of JK96 and Sandage (2004) . They found significant discrepancies between the two methods, while a comparison with spectroscopic metallicities clearly favoured the JK96 calibration, which shows better conformity, smaller scatter and lower sensitivity to Oosterhoff type (Oosterhoff 1939 nominally low value of D m rather meaningless. We have therefore revised the selection criteria as follows:
RRab stars
(i) We applied the requirement that the standard deviation σ Dm ≤ 3.0, which limited our sample to 189 stars.
( The metal abundances, [Fe/H] JK96 , for the 84 RRab variables of the final sample were derived on the JK96 scale, using the calibration equation (2), below, according to JK96. The resulting metal abundances were transformed to [Fe/H] C09 in the new scale of Carretta et al. (2009, hereinafter C09) . We derived the calibration between these metallicity scales by comparing the metallicities of 25 globular clusters (NGC 104, 288, 362, 1904, 2298, 3201, 4590, 4833, 5272, 5897, 5904, 6121, 6144, 6171, 6205, 6254, 6341, 6352, 6397, 6656, 6752, 6809, 6838, 7078 and 7099) with known abundances in both the JK96 and the C09 scales (Jurcsik 1995; C09) . The resulting relation (equation 3) is very well defined (correlation coefficient r = 0.973 and σ = 0.115) and it is valid within the range −2.31 to −0.68 dex on the JK96 scale. Only one RRab star from our sample has metal abundance outside this range (−2.68 dex), but this is not expected to affect our results.
[Fe/H] JK96 = −5.038 − 5.394 log P + 1.345ϕ 31 ,
The values of [Fe/H] on both scales are listed in Table 4 (Columns 2 and 3), along with their standard deviations (given in parentheses) derived from the following equations (4) (from JK96) and (5) 1 :
where the period error has been omitted, and 
The last equation was derived using the error-propagation equation σ 2 y = ( Equation (2) of JK96 is derived from RRab stars with metal abundances from −2.1 to +0.27. Four stars in our sample have metallicities outside this range (−2.21, −2.22, −2.31 and −2.68 on the JK96 scale). The linear extrapolation of the empirical calibrating equations may lead to erroneous results, particularly since the metalpoor tail of the JK96 calibrating stars is only populated by three objects. Our averages are bound to be affected by this problem but not significantly since the number of outliers is very small.
At this point, we would like to illustrate the importance of applying the D m criterion for the selection of RRab stars for which metal abundances are derived following the JK96 method. In 
RRc stars
The use of Fourier decomposition coefficients of RRc light curves for the derivation of metal abundances (and other physical parameters) has not been as extensive as in the case of RRab stars. Relatively recently Morgan, Wahl & Wieckhorst (2007, hereinafter MWW07) showed that there is a well-defined relationship between the Fourier coefficient ϕ 31 , pulsation period and [Fe/H] for RRc stars in 12 globular clusters. The MWW07 calibration has also been applied to RRc stars in ω Cen, the LMC, the Galactic bulge and field RRc stars.
The MWW07 formulae are derived separately on the widely used metallicity scales of Zinn & West (1984, hereinafter ZW) and Carretta & Gratton (1997, hereinafter CG) . The latter, which has been used here, is given by equation (6) C09 in the new scale of C09 in order to render them comparable to the RRab metallicities (Section 4.1). The calibration between these metallicity scales is derived by comparing the metallicities of 24 globular clusters (NGC 104, 288, 362, 1904, 2298, 3201, 4590, 4833, 5272, 5897, 5904, 6121, 6144, 6205, 6254, 6341, 6352, 6362, 6397, 6656, 6752, 6838, 7078 and 7099) with known abundances in both the C09 and the CG scales. The resulting relation (equation 7) is very well defined (correlation coefficient r = 0.986 and σ = 0.085) and it is valid from −2.16 to −0.64 dex on the CG scale. Four of our RRc stars have metal abundances outside this range (−2.23, −2.36, −2.44 and −2.83 dex).
[Fe/H] CG = 0.0348ϕ The corresponding standard deviations are derived using the following equations:
It must be noted that in equations (6) and (8), ϕ 31 refer to a Fourier decomposition based on cosine series. Therefore, the ϕ 31 values of Table 2 had to be corrected according to the simple equation ϕ
It must also be clarified that the MWW07 equations were derived using calibrating clusters with metallicities between −0.99 and −2.15 dex. Therefore, derived metallicity values beyond these limits should be considered less certain.
As discussed in Section 4.1, in the case of RRab stars, the calibrating equations were valid under a certain compatibility condition. No such condition exists for the applicability of equations (6) and (8) for RRc stars. In order for our two samples of RRab and RRc stars to have metal abundances of similar accuracy, we selected RRc stars for further analysis on the basis of σ ϕ 31 , since the corresponding Fourier parameter plays a crucial role in the determination of metallicity (see Kaluzny et al. 1998 for discussion on this matter). We adopted the standard deviation for ϕ 31 in our well-defined RRab sample (which was found to be σ ϕ 31 = 0.30) as the limiting error for ϕ 31 for the RRc stars, yielding a sample of just 19 objects, with an average error of σ ϕ 31 = 0.21 ± 0.06. The criterion is probably too strict and has excluded some very good light curves from further discussion; however, it ensures trustworthy results for the selected sample.
It has been argued by some authors that short-period variables classified as RRc types, with P < 0.35 d and amplitudes less than 0.3 mag, may actually be pulsating in the second overtone mode, belonging to the RRe class (e.g. Clement & Rowe 2000; Pritzl et al. 2002 , and references therein; however, for counter-arguments see Kovács 1998 ). This possibility has also been pointed out specifically for the OGLE sample of RRc stars by SOS02. Two of the RRc variables in our sample of 19 objects, namely OGLE 005609.24−731504.8 and OGLE 005451.72−723850.4, have amplitudes below 0.3 mag and periods below 0.35 d, and may belong to the class of second-overtone pulsators, the latter being explicitly recognized as such in Soszyński et al. (2010) . The latter authors also report that the star OGLE 010029.57−725454.2 actually pulsates in both the fundamental and the first-overtone modes and therefore it is of RRd type rather than RRc. Therefore, these three stars were excluded from further analysis. The resulting values for [Fe/H] on the CG and C09 scales, and the corresponding standard deviations (given in parentheses) calculated from equations (6)-(9) are listed in Table 5 (columns 2 and 3). On average, for the 16 stars in the final sample of RRc Fig. 4 (dark-grey bars) and it appears to be different from the corresponding distribution of the RRab stars, with the RRc stars having fewer objects in the more metal rich bins, leading to a significantly lower average metallicity of the RRc stars by 0.51 dex. The discrepancy between the average metallicities of the RRc and RRab stars remains even after excluding the four previously mentioned RRc stars with metallicities below the range of validity of equation (7). This difference has also been found by DS10 and, although it is well within the errors and may be strongly affected by small number statistics, is not expected, in the sense that RRab and RRc stars have similar metallicity distributions, for example, in the LMC (Gratton et al. 2004; Borissova et al. 2006) . Gratton et al. (2004) derived the metal abundances spectroscopically and, concerning the RRab stars, their metallicities agree with those derived from Fourier parameters for the same stars. However, no such comparison exists for the RRc stars. Therefore, it is possible that the discrepancy we have detected in our samples is associated with the calibrating equations of the Fourier parameters versus metallicity of first-overtone pulsators. It must be emphasized that the inclusion of the OGLE-III data in our analysis was crucial in improving the quality of the derived parameters for a large number of objects. Only 33 RRab stars would have satisfied the D m criterion if only OGLE-II data had been used, while the number of RRc stars would have been limited to just 11. Thus, the combination of OGLE-II with OGLE-III data increased the size of our final sample by 134 per cent. In addition, the average error (standard deviation) in the important Fourier parameter ϕ 31 , for example, would have been almost twice as large with just OGLE-II data (e.g. 0.57 instead of 0.39 for all RRab stars and 0.22 instead of 0.10 for those satisfying the D m criterion).
Comparison with other studies
Until the very recent study of DS10, little work had been done on the metal abundances of RR Lyrae variables in the SMC. DS10 used OGLE-II I-band data to derive metal abundances and physical parameters of SMC RR Lyrae stars. Since the calibrating equations available for the derivation of [Fe/H] Fig. 4) indicates that the DS10 distribution has fewer objects in the low-metallicity bins and more high-metallicity objects compared to our sample. These differences may be a combination of the size of the sample, methodology and compatibility of light curves used with the calibrating equations. As mentioned in Section 4.1, the compatibility criterion can affect significantly the derived metal abundance distributions. DS10 also found the average metallicity of the RRc stars in their sample to be systematically lower than that of the RRab stars. The difference holds after transforming their metallicities of RRab and RRc stars to a common scale, that is, the C09 one. Fig. 6 (upper panel) shows a comparison between the metal abundances derived by DS10 and those derived in this work, on the JK96 scale, for the 69 common objects. A 1:1 line is also plotted to aid the comparison. Although there is a reasonably good correlation between the two sets of values (correlation coefficient r = 0.803), there is a clear indication of systematic effects. Objects with −1.6 < [Fe/H] JK96 (present) < −0.6 appear more metal poor by about 0.2 dex in the DS10 derivation, while for [Fe/H] JK96 (present) < −1.7, there is an offset in the opposite sense, with the DS10 values being more metal rich by more than 0.2 dex. Given that the calibrating equations used are identical, the differences must arise from differences in the light curves themselves and the corresponding Fourier coefficients, the corrections applied by DS10 to their I-band-based Fourier decomposition parameters, as well as from the upper limit of D m used by these authors. This statement is confirmed through a comparison of the Fourier parameter ϕ 31 of the 69 common RRab stars, as it is illustrated in the lower panel of Fig. 6 . The values of DS10 (in their table 1), which were derived from the Fourier decomposition of cosine series in the I-band light curves, were transformed to V-band parameters (using DS10 equations) of sine series (by adding π). As a general conclusion, the I-band light curves (i.e. the method followed by DS10) may produce similar average metallicities (on the same scale) for both types of RR Lyrae variables to those derived from the V-band light curves (this work). However, differences are revealed by comparing the individual values and their distributions as well. The errors of the Fourier parameters (and therefore those of the corresponding metal their table 1) were derived from the Fourier decomposition of cosine series in the I-band light curves; thus, they were transformed to V-band parameters (using DS10 equations) of sine series (by adding π). A 1:1 line is also plotted in both diagrams. abundances) are lower when the latter are derived by the application of the Fourier decomposition technique in the V-band light curves, combined with Monte Carlo simulations, rather than in the I-band light curves (as it may be seen by comparing the distributions of the standard deviations in Fig. 3 of this work with those of the standard errors in figs 7 and 8 of DS10). Care should be taken when the D m and σ ϕ 31 criteria are applied, since selection effects could provide misleading results. Fig. 7 shows the loci of the fundamental-mode (filled circles) and first-overtone (open circles) RR Lyrae variables in our sample on the so-called Bailey diagram of amplitude (A V ) versus log P. As expected (e.g. Soszyński et al. 2003) , the two types occupy wellseparated areas in this diagram, with RRc stars having lower periods and lower amplitudes than RRab stars. Actually, this type of diagram is used to separate the two classes of objects.
The Bailey diagram
RRab stars show a clear anticorrelation between the amplitude and period, as predicted by the theoretical models of Bono et al. (1997) . These authors calculated theoretical Bailey diagrams for different metal abundances, indicating a small displacement between the loci of RRab stars of different abundances, in the sense that the lowest metallicity objects (with [Fe/H] −2.3) are expected to lie on a line almost parallel to the corresponding line for higher metallicity variables, but displaced to higher log P values (for the same amplitude). Moreover, the curve for higher metallicity objects extends to lower periods and becomes flatter with decreasing period. In Fig. 7 , increasing symbol sizes are used to indicate the increasing metallicity of the variables. Despite the scatter, the general theoretical predictions of Bono et al. are confirmed by our data, which show both the general displacement between the loci of lowand high-metallicity RRab stars, and the flattened extension of the curve for higher metallicity objects.
However, the distribution of RRab stars on the Bailey diagram is known to show significant scatter even in the case of a well-studied population with no metallicity scatter, such as the globular cluster M3 which is an Oosterhoff class I (OoI) cluster. CCC05 have found that regular RRab pulsators indeed follow a well-defined quadratic relation between amplitude and log P. These regular pulsators lie on the zero-age horizontal branch (ZAHB) having OoI properties. On the other hand, there is a non-negligible number of evolved RRab pulsators (14 per cent in the case of M3) which form a line parallel to the one of the regular pulsators, but offset (at fixed amplitude) to longer periods ( log P = 0.06), that mimic the Oosterhoff class II (OoII) behaviour. Moreover, Blazhko variables 2 , which may have gone undetected, add to the scatter. Therefore, it is possible that part of the scatter observed in Fig. 7 may be related to evolved pulsators. It must be noted that according to the detailed study by CCC05, evolution off the ZAHB does not affect [Fe/H] determinations. For comparison, we have overlaid in the Bailey diagram of Fig. 7 the standard ridge lines for RRab stars in the Galactic globular cluster M3 (prototype OoI) and ω Centauri (OoII) from Clement & Rowe (2000) with the solid lines, while the dashed lines denote the loci of the bona fide regular (OoI) and evolved (falling closer to OoII line) RRab stars of CCC05. In both cases, OoI and OoII are denoted by the left-hand and the right-hand curves, respectively. The metalrich RRab stars of our sample seem to lie closer to the OoI curves (non-evolved sequence in the interpretation of CCC05), while the more metal poor objects extend towards the evolved sequence (OoII curves). It therefore seems that the location of a particular RRab variable on the Bailey diagram may be affected both by the metal abundance and by the evolution off the ZAHB.
In the case of RRc stars, our sample of 16 objects is too small to allow a convincing comparison of the loci of objects of different metallicities in the Bailey diagram. The fact that the RRc loci are quite flat renders such an attempt even more difficult, given the observational scatter. However, for completeness, we have overlaid in Fig. 7 the M3 lines of regular and evolved RRc stars (I and II, respectively) from CCC05.
Spatial distribution of metal abundances
We derived the average metal abundances in an inner and outer elliptical region based on the isopleths of Gonidakis et al. (2009) . The inner ellipse is indicated in Fig. 8 , overlaid on the RR Lyrae map. The distributions of the metal abundances in the two regions are shown in the lower left-hand and right-hand panels of Fig. 8 , for the inner and outer ellipses, respectively. The corresponding average metallicities on the C09 scale ( [Fe/H] C09 ) are −1.68 ± 0.54 dex (std, standard error being 0.08 dex) and −1.72 ± 0.44 dex (std, standard error being 0.06 dex). These average values are identical within the errors. Inspection of the distributions of the metallicities in the two regions (Fig. 8 ) reveals a relative surplus of high-metallicity objects in the central region. This difference is not statistically significant. Furthermore, selection effects may also be at play; photometric crowding would make larger amplitude, and hence more metal rich, RR Lyrae stars (see Bailey diagram, Fig. 7) easier to detect and with higher quality light curves (hence smaller σ Dm ) in the inner region than lower metallicity RR Lyrae stars in the same area. Carrera et al. (2009) found that the mean metallicity of the SMC decreases when moving away from the centre, implying that there is a metallicity gradient, linked to a period of chemical enrichment that occurred in the inner regions about 3 Gyr ago. This gradient was observed over a large radius range of 4
• and encompassed field populations of all ages from present day to 10-12 Gyr ago. In this study, the age and spatial coverage is much narrower. The RR Lyrae stars have ages more than 10 Gyr, while the area studied extends only out to a radius of 1.
• 5 on average. Therefore, a metallicity gradient is not expected and observable. 
Comparison with the LMC RR Lyrae stars
Unlike the SMC, the metal abundances of the RR Lyrae stars in the LMC have been studied more extensively. Clementini et al. (2003) and Gratton et al. (2004) used low-resolution spectra obtained with the Very Large Telescope and found the average metal abundance of 98 LMC RR Lyrae stars to be −1.48 ± 0.29 dex (std) with a range of −2.12 < [Fe/H] < −0.27 dex on the Harris (1996) (hereinafter H96) scale. In addition, they used the equations of JK96 to derive metal abundances on the JK96 scale from the Fourier decomposition analysis of light curves of 29 RRab stars (Di Fabrizio et al. 2005) . These were found to have an average metallicity of −1.27 ± 0.35 dex (std) on the JK96 scale, in agreement with the average found from spectroscopy (taking into account that the JK96 scale is on average about 0.2 dex more metal rich than the H96 scale). Moreover, Borissova et al. (2004) found the average metallicity of 27 field LMC RR Lyrae stars to be −1.46 ± 0.20 dex on the ZW scale and the range of the individual [Fe/H] to be −2.33 < [Fe/H] < −0.57 using Preston's S method and low-resolution spectra. Finally, the corresponding average metallicity and metallicity range that were found for 78 stars by Borissova et al. (2006) were −1.53 ± 0.20 dex and −2.31 < [Fe/H] < −0.57 on the H96 scale. They used the Gratton et al. (2004) spectroscopic method and their results agree with those of Clementini et al. (2003) and Gratton et al. (2004) on average. Transforming 3 the metal abundances of Gratton et al. (2004) on to the new C09 scale, [Fe/H] C09 is found to be −1.48 ± 0.33 dex (std) while the range is from −2.20 to −0.13 dex. The straightforward conclusion is that the SMC RR Lyrae stars are on average more metal poor than the LMC ones, and the most metal rich SMC RR Lyrae stars are almost 0.6 dex more metal poor than the most metal rich LMC ones.
A B S O L U T E M AG N I T U D E S

RR Lyrae variables have long been used as distance indicators.
A number of papers in the recent literature (Gratton et al. 2004; CCC05; Di Fabrizio et al. 2005 ) have compared metallicities, colours and absolute magnitudes of RR Lyrae stars derived from the Fourier parameters of the light curves, with the same quantities either directly measured (e.g. through abundance analysis) or derived by other methods, showing that while metallicities agree on average within 0.1-0.2 dex, reduced ranges both in colour and absolute magnitude are obtained instead by the Fourier parameter technique. In particular, CCC05 in their very accurate study of the pulsational and evolutionary characteristics of 133 variable stars in the globular cluster M3 discuss at length the reliability of absolute magnitudes, colours/effective temperatures, masses and surface gravities derived from the Fourier parameters of the light curves. These authors used relations between Fourier parameters and physical quantities, and tested them against a very large number of M3 variables, with carefully selected BVI light curves of excellent quality. The homogeneity in the metal abundance of the M3 stars, the relatively small distance of the cluster compared to the SMC and the low reddening, along with the careful analysis made by CCC05 make their tests of the reliability of the physical quantities derived from the Fourier parameters extremely robust and valuable. According to CCC05, absolute magnitudes derived from Fourier coefficients might provide useful average estimates for a group of stars but not reliable individual values. Intrinsic colours derived from the Fourier coefficients show significant discrepancies with directly observed ones, and hence the resulting temperatures and temperature-related parameters are unreliable. The same conclusions are reached by Di Fabrizio et al. (2005) from the detailed analysis of 29 LMC RR Lyrae stars with the accurate photometry from Clementini et al. (2003) and individual metal abundances from the spectroscopic study of Gratton et al. (2004) . For the above reasons, we decided to exclude from our analysis the derivation of luminosities, temperatures, masses, surface gravities and radii.
In order to derive the absolute magnitudes of the RR Lyrae variables in our sample (which will be subsequently used for the estimation of the LOS distances of these objects), we used the relation M V (RR) = α[Fe/H] + β, between the mean absolute magnitude of RR Lyrae stars and metallicity (as e.g. in Clementini et al. 2003) . The constants α and β are determined observationally. According to Feast et al. (2008; also Gratton et al. 2004) ,
where [Fe/H] is on the H96 scale and μ LMC is the LMC distance modulus. The standard deviation in M V is calculated using the error propagation equation mentioned in Section 4.1. We transformed the metallicities derived in Section 4.1 on the JK96 scale and in Section 4.2 on the CG scale to the H96 scale, using equations (11) and (12) given below (for the RRab and RRc stars, respectively), which we obtained by comparing the metallicites of globular clusters with metal abundance determinations in both scales of each case. 
(r = 0.983 and σ = 0.085). For equation (11) we used 25 globular clusters (NGC 104, 288, 362, 1904, 2298, 3201, 4590, 4833, 5272, 5897, 5904, 6121, 6144, 6171, 6205, 6254, 6341, 6352, 6397, 6656, 6752, 6809, 6838, 7078 and 7099) . It is valid between −2.31 and −0.68 dex on the JK96 scale. Only one of our 84 RRab stars has [Fe/H] JK96 below this range (−2.68) and it is not expected to affect our results. For equation (12), we used 24 globular clusters (NGC 104, 288, 362, 1904, 2298, 3201, 4590, 4833, 5272, 5897, 5904, 6121, 6144, 6205, 6254, 6341, 6352, 6362, 6397, 6656, 6752, 6838, 7078 and 7099 (10), we adopted the average value of 21 independent determinations. Tammann, Sandage & Reindl (2008) reported 16 individual determinations of the LMC distance modulus since 2002, with an average of 18.53 ± 0.01, the minimum and the maximum values being 18.48 ± 0.01 and 18.63 ± 0.08, respectively. Five more recent determinations are 18.47 ± 0.03, 18.50 ± 0.03, 18.44 ± 0.11, 18 .37 ± 0.09 and 18.54 ± 0.03 from Laney & Pietrzyński (2009 ), Catelan & Cortés (2008 ), Feast et al. (2008 and Tabur et al. (2010) , respectively. The average distance modulus for the LMC from the above 21 determinations is μ LMC = 18.52 ± 0.06, which was used for the determination of M V . The resulting absolute magnitudes for the individual objects are listed in Tables 4 and 5 (column 4), while in Table 6 we give some basic statistics for the various parameters (i.e. metallicities, absolute magnitudes and distance moduli). The average values are M V = 0.53 ± 0.08 (std) and 0.43 ± 0.12 (std) for the RRab and RRc stars, respectively. These values are significantly lower from the corresponding averages of DS10 (0.78 ± 0.06 and 0.76 ± 0.05, respectively), which were derived from Fourier parameters.
S T RU C T U R A L A NA LY S I S O F T H E S M C C E N T R A L R E G I O N S
The distance modulus of the SMC
The individual distance moduli of the 100 RR Lyrae variables in our sample are calculated via the well-known equation
where M V is the absolute magnitude derived from equation (10), combined with equations (11) and (12) for RRab and RRc stars, respectively, m V is the apparent magnitude, that is, the term A 0 in equation (1), while A V = 3.24E(B − V) corresponds to the correction for interstellar extinction, with E(B − V) obtained from the reddening map of Udalski et al. (1999) 4 and listed in SOS02, for each of the 11 SMC fields. The standard deviation is derived from
where the E(B − V) error was taken to be ±0.02 mag.
The results for the individual stars are shown in Tables 4 and  5 (column 5) for the RRab and RRc variables, respectively. The average distance modulus for the SMC (given in Table 6 ) is found to be 18.90 ± 0.18 and 18.97 ± 0.14 (the errors are standard deviations) 4 It should be noted that Clementini et al. (2003) found Udalski et al. (1999) maps to overestimate the LMC reddening by 0.028 mag in E(B − V). If the SMC reddening is overestimated as well (presumably by the same factor), the correction for the interstellar extinction (A V ) should be revised by a subtractive factor of 0.09 mag. Thus, the individual distance moduli of the SMC RR Lyrae stars derived in this section, as well as their average values, should be corrected by a summative factor of 0.09. This correction is well within our errors and does not affect our results on the structural analysis of the SMC. from the RRab and RRc stars, respectively, under the assumption that the distance modulus of the LMC is 18.52 ± 0.06. Although the agreement between the average distance moduli is within the errors, the actual distributions of the individual distance moduli of RRab and RRc stars shown in Fig. 9 reveal a systematic offset between the peaks of the two distributions. The effect is masked when comparing average values, because of a small number of RRc stars with very low values of μ, coupled with the limited size of the sample of RRc stars. This systematic offset can only suggest a systematic error in the calibrating equations providing [Fe/H] . Following the discussion in Section 4.2, if we require that the underestimated metal abundances of the RRc stars are corrected by a summative factor of 0.51, in order to have a coincident peak in their metallicity distribution with the corresponding peak of the RRab stars (Fig. 10) , the resulting correction would affect their absolute magnitudes by a summative factor of +0.096 mag. The average distance modulus of the first-overtone pulsators would become 18.87 ± 0.14 (std). Both the average distance modulus and the distribution of the corrected individual distance moduli shown in Fig. 11 are indistinguishable within the errors from the corresponding average and distribution of the distance moduli of the RRab stars, as expected. Therefore, there appears to be an inconsistency in the calibrating equations providing metal abundances for RRab and RRc stars, probably (but not necessarily) related to the RRc stars. Despite this discrepancy, we can use the homogeneous sample of the RRab stars (the sample of RRc stars is too small) for comparative studies on the geometrical structure of the central regions of the SMC (see Sections 6.2 and 6.3 below).
It is interesting to compare our result with other recent independent determinations of the distance modulus of the SMC: Szewczyk et al. (2009) , based on the near-infrared photometry of RR Lyrae variables, obtained a value of 18.97 ± 0.03, and DS10 got a distance modulus of 18.86 ± 0.01 from RRab stars and 18.92 ± 0.04 from RRc stars using the Fourier analysis of I-band light curves from the OGLE-II project. Using double-mode Cepheids, Kovács (2000) got a distance modulus of 19.05 ± 0.13, while from eclipsing binaries, Harries, Hilditch & Howarth (2003) got 18.89 ± 0.14, Hilditch, Howarth & Harries (2005) Crowl et al. (2001) found a mean distance modulus that ranges from 18.71 ± 0.06 to 18.82 ± 0.05, from a study of a sample of populous star clusters in the SMC. The straight average of these 10 recent determinations of distance moduli of the SMC is 18.91 ± 0.11 (std).
The LOS depth of the SMC Bar
The LOS depth of the SMC has been the subject of numerous investigations. Despite the fact that the current sample is restricted to the innermost regions of the SMC, we can use it to derive an estimate of the depth of the SMC bar region. We used only the sample of RRab stars, to avoid the discrepancy between the zeropoints in the RRc and RRab equations, discussed in the previous section. We used the standard deviation of the distribution of the distances (derived from the distance moduli) of the individual RRab stars, σ obs , where σ 2 obs = σ 2 int + σ 2 err , with σ err the average value of the standard deviations of the individual distances (given in the last column of the electronic version of Table 4 ) and σ int taken to be 'intrinsic', that is, due to the LOS depth of the sample. Thus, the intrinsic standard deviation is σ int = σ 2 obs − σ 2 err , which yields a ±1σ LOS depth of σ int = 4.13 ± 0.27 kpc (std). This value is very similar to the value of 4.42 ± 1.46 kpc obtained by SS09a from red clump stars distributed over a much more extended region.
These authors also investigated the depth derived from OGLE-II RR Lyrae variables (although their treatment is different from ours) and got very similar results. Moreover, North et al. (2009) gave a similar value of 5.3 kpc for the (1σ ) LOS depth of eclipsing binaries. Crowl et al. (2001) found a (1σ ) depth between 6 and 12 kpc (depending on the treatment of reddening corrections) from their sample of populous star clusters. Therefore, the current analysis provides an independent confirmation of a 1σ LOS depth of 4-5 kpc, apparently shared by old and intermediate-age populations in the SMC.
Due to the limited size of the sample of RRab stars and the relatively small spatial coverage across the face of the SMC, it has not been attempted to search for variations in the LOS depth in different regions as was done by SS09a who used a large sample of red clump stars for their investigation of LOS depth variability, suggested in earlier studies (e.g. Hatzidimitriou & Hawkins 1989; Gardiner & Hawkins 1991) .
Metallicity and structure
In our Galaxy, Szczygieł et al. (2009) found from a study of RRab stars that the more metal poor variables are uniformly distributed with the distance from the Galactic plane, while the more metal rich ones become more concentrated to the Galactic plane with increasing metal content.
In the LMC, Subramaniam & Subramanian (2009b) found that the distribution of the scaleheight of RR Lyrae stars in the inner LMC indicates that there may be two populations, one with smaller scaleheight (tracing the disc) and very similar to the red clump stars (i.e. higher mass horizontal branch stars) and the other with much larger scaleheight (tracing the inner halo). However, they did not combine their spatial distribution data with metal abundances.
In the SMC, SS09a found that the RRab stars and red clump stars are born in the same location and occupy a similar volume in the SMC. They interpret this spatial coincidence as a strong indication supporting the existence of a bulge structure in the SMC central regions, also alluded to by other aspects of their data. As in the case of the LMC, they did not combine spatial distribution data with metal abundances.
With our sample of RRab stars, despite its relatively small size, we can combine LOS distances and metal abundances. This allows the investigation of the existence of different structures consisting of different populations in the SMC central regions. In order to enhance possible differences, we have looked at the spatial distribution of two extreme subsamples of our data set, that is, stars more metal rich than [Fe/H] > −1.2 (14 objects) and stars more metal poor than [Fe/H] < −2.0 (16 objects). The standard deviation of the distance moduli of the sample of metal-rich stars is 0.12, while for the metal-poor sample, it is 0.25 (the 1σ LOS depths of these two groups is 2.34 and 6.31 kpc, respectively). Despite the small number statistics, this result is an indication that the metal-poorer and metal-richer objects may belong to different structures. The metal-rich stars could be part of a disc-like structure, while the more metal poor objects could be part of a much thicker structure, perhaps a bulge (as suggested by SS09a) or an inner halo. Confirmation of this result must await for a larger sample of RRab stars with reliable determinations of metallicities and distances. Moreover, it would be very important to combine this type of data with kinematical information (radial velocities) to investigate if the thicker structure is indeed consistent kinematically with a halo or bulge component.
S U M M A RY A N D C O N C L U S I O N S
We have performed the Fourier decomposition analysis of 11-yr V-band light curves of a carefully selected sample of 100 RR Lyrae variables, detected in the central regions of the SMC, with the OGLE-II and OGLE-III. The sample consisted of 84 fundamentalmode pulsators (RRab stars) and 16 first-overtone pulsators. The Fourier decomposition parameters were used to derive metal abundances and distance moduli for these RR Lyrae variables, as well as to perform a structural analysis of the SMC.
The average metal abundance of the RRab stars on the new scale of C09 is found to be [Fe/H] C09 = −1.62 ± 0.41 dex (std, with a standard error of 0.05 dex), while the RRc stars show lower average metallicity, at [Fe/H] C09 = −2.13 ± 0.59 dex (std). A possible inconsistency in the calibrating equations for RRc stars has been detected and needs further analysis.
SMC RR Lyrae stars are on average more metal poor than the LMC ones, and the most metal rich SMC RR Lyrae stars are almost 0.6 dex more metal poor than the most metal rich LMC ones.
The distribution of our RRab stars of different metal abundances in the Bailey diagram showed a clear anticorrelation between the amplitude and period, as predicted by theoretical models, as well as the expected (from the models) displacement between the loci of low-and high-metallicity RRab stars and the flattened extension of the curve for higher metallicity objects.
The distance modulus of the SMC was found to be μ = 18.90 ± 0.18 (std) from the RRab population, assuming the distance modulus of the LMC to be μ LMC = 18.52 ± 0.06. The distances to individual stars were used to study the LOS depth in the SMC central regions. The 1σ LOS depth for the RRab stars was found to be σ int = 4.13 ± 0.27 kpc, in good agreement with that estimated from red clump stars and eclipsing binaries.
There is an indication that metal-poorer and metal-richer objects may belong to different structures. The metal-rich stars have smaller scaleheight and could be part of a disc-like structure, while the more metal poor objects could be part of a much thicker structure, perhaps a bulge. Study of a larger sample and a combination with kinematics are needed to clarify the issue.
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